Objectives: To describe the microbial profiles of peri-implant diseases and the main detection methods. Material and Methods: A literature search was performed in MEDLINE via PubMed database to identify studies on microbial composition of peri-implant surfaces in humans published in the last 5 years. Studies had to have clear implant status definition for health, peri-implant mucositis and/or peri-implantitis and specifically study microbial composition of the peri-implant sulcus. Results: A total of 194 studies were screened and 47 included. Peri-implant sites are reported to be different microbial ecosystems compared to periodontal sites. However, differences between periodontal and peri-implant health and disease are not consistent across all studies, possibly due to the bias introduced by the microbial detection technique. New methods non species-oriented are being used to find 'unexpected' microbiota not previously described in these scenarios. Conclusions: Microbial profile of peri-implant diseases usually includes classic periodontopathogens. However, correlation between studies is difficult, particularly because of the use of different detection methods. New metagenomic techniques should be promoted for future studies to avoid detection bias.
INTRODUCTION
Peri-implant diseases are not an emerging group of diseases. Peri-implant diseases are a prevalent reality: 19 to 65% of implants present peri-implant mucositis (weighted mean of 43% [CI = 32 to 54%]) and 1 to 47% develop peri-implantitis (weighted mean of 22% [CI = 14 to 30%]) alongside a positive relationship with function time [1] . Moreover, periimplant diseases are challenging to treat [2] , and, in some cases, with aggressive progression patterns [3] . However, consensus has been reached so far only on few facts associated with increased risk of peri-implant disease development: 1) lack of regular supportive therapy; 2) plaque accumulation; 3) smoking; 4) history of periodontal disease; and 5) excess cement [4] . Fortunately, it has been established that patient-administered mechanical plaque control (with manual or powered toothbrushes) and professional intervention comprising oral hygiene instructions and mechanical debridement are adequate measures to reduce peri-implant mucositis and its progression to peri-implantitis [5] . Several strategies are being investigated to reduce plaque accumulation over implants: surface modifications [6] [7] [8] [9] [10] [11] , lasers and other physical methods [12] [13] [14] [15] [16] , locally delivered antibiotics [17] [18] [19] , and even better seals of the connection implant-abutment to reduce this particular reservoir of microbiota [20] [21] [22] [23] . However, these and other adjunctive measures to reduce plaque, including systemic antibiotics, have not been found to reduce clinical signs of inflammation [5, 24] . So far, the main diagnostic methods of peri-implant disease are based on clinical and radiographic data. These data are obviously insufficient and they only detect the disease when it has produced some level of destruction. Thus, early diagnosis and identification of risk factors are of extreme importance to prevent the disease in the first place. Probably the more studied risk factor for peri-implant disease is the microbiota associated with the peri-implant sulcus. In fact, the presence of periodontophatic bacteria in the periimplant sulcus has been proposed as a risk indicator for both peri-implant mucositis and peri-implantitis [4, 25] . The characteristics of the sulcus environment favour its colonization by anaerobic Gram-negative bacteria. The ecological succession of the microbes in the sulcus may lead to the development of the disease. The peri-implant disease has been described as poly-microbial anaerobic infection similar to that found in chronic periodontitis [3, 26, 27] . However, new technologies are finding an increasing number of microorganisms in peri-implant sites not found around teeth [4] . Many studies have evaluated the microbiota around healthy and diseased teeth as well as around healthy and diseased implants by different techniques. Thus, this systematic narrative review is aimed at identifying the microbiological factors that have been associated with the presence of peri-implant disease by describing the findings published and discussing the main detection techniques.
The search was limited to English language articles. A hand search of the reference lists in the articles retrieved was also carried out for additional relevant publications.
Search
The electronic search strategy and limits was: ((("Microbiology") OR ("Microbiome") OR ("Microbial")) AND ("Dental Implants" [Mesh])) AND (("English and humans" [Filter] ) AND ("published last 5 years" [Filter])) NOT ("review" [Filter] ).
Selection of studies
The articles, at any stage (abstract or full-text assessment) were independently reviewed by 2 of the authors. Reviewers compared decisions and resolved differences through discussion and consulting the other authors when consensus could not be reached.
Types of publications
Studies on humans published in the English language were selected. Letters, editorials, case reports, literature reviews, and PhD theses were excluded.
Types of studies
No limitations as to the type of study design were established.
Types of participants/population
Included studies describe findings from human participants with at least one osseointegrated titanium screw-shaped dental implant with signs of periimplantitis or peri-implant mucositis, with or without healthy implants or teeth.
Disease definition
Peri-implant mucositis or peri-implantitis must have been defined in each article according to the current classification of peri-implant diseases [29] .
Inclusion and exclusion criteria
To be included in the study, studies had to have clear implant status definition for the conditions health, mucositis and/or peri-implantitis and analyse the microbiome of those situations, with or without comparisons among them or with or without before and after results. The applied exclusion criteria for studies were animal or in vitro studies, not enough information on the microbial analysis, analysis not performed on periimplant sulcus of dental implants aimed at supporting restorations and no access to the abstract or full-text.
Sequential search strategy
Following the initial literature search, all article titles were screened to eliminate irrelevant publications, review articles, case reports, in vitro, and animal studies. Next, studies were excluded based on data obtained from screening the abstracts. The final stage of screening involved reading the full texts to confirm each study's eligibility, based on the inclusion and exclusion criteria.
Data extraction
The data was independently extracted from studies by two authors. Data extracted was descriptive findings of microbial profiles around dental implants and additional information such as findings around teeth with or without disease.
Data items
Data collected from the included articles were:
• Full reference -identification of study; • Type of patients/sites -healthy implants, periimplant mucositis or peri-implantitis, and healthy or diseased teeth; • Number of patients included in the study for each condition; • Number of implants/sites included in the study for each condition; • Outcome -description of the main findings of the study; • Detection method -how the microbial profile was evaluated (culture, polymerase chain reaction (PCR), checkerboard or metagenomics).
Risk of bias assessment
Risk of bias within articles was assessed independently, and in duplicate by the authors according to the RTI Item Bank guide for bias and confounding assessment in observational studies of interventions or exposures [30] . Possible sources of bias include: inclusion/ exclusion criteria, recruitment of participants, selection of the comparison group, variations in the execution of the study from the proposed protocol, blindness to the outcome, exposure, or intervention, valid and reliable measures, length of follow-up, impact of missing data, missing primary outcomes, harms or adverse events, balance between the groups or match groups, and confounding variables. Table 1 summarizes the findings for each of the included articles. An overall risk of bias was finally assigned to each report.
Statistical analysis
No meta-analysis was intended as no common microbial detection methodology is used across studies. Figure 1 shows the PRISMA flow diagram of studies identified, screened and included. The initial electronic and hand search retrieved 194 citations after duplicates were removed. These 194 were screened by titles and abstracts, from which 134 were excluded. Thus, 60 articles were assessed in full text. Of these, 14 were excluded: no analysis of peri-implant sulcus = 4 [31] [32] [33] [34] ; not performed in oral mucosa = 2 [35] ; no full-text available = 1 [36] ; not enough microbiological data = 3 [37] [38] [39] ; not in conventional dental implants = 4 [40] [41] [42] [43] [44] . Finally, 46 studies were included in the qualitative synthesis and analysis, as described in Tables 1 -5 .
RESULTS

Study selection
Study characteristics
Studies on peri-implant microbiota using culture techniques are limited in the last 5 years (Table 1) .
With no doubt, this clearly reflects the incorporation of new technologies in the peri-implant diagnosis field as their used is declining. Only 4 studies have been identified using this methodology. It is concluded that Streptococcus spp. and Peptostreptococcus spp. are correlated with the increase in BOP 1 to 6 months after loading [45] . Similarly, there is a significantly higher prevalence of Porphyromonas, Prevotella and anaerobic Gram positive cocci in peri-implantitis vs. peri-implant health [46] . In contrast, a reduction on spirochetes was found from implant placement on periodontal sites to 12 months [47] . Using bacteria culture, similar effectiveness has been described when using placebo or chlorhexidine for the treatment of peri-implantitis sites [48] .
A total of 14 studies have been identified using PCR techniques (Table 2 ). These studies, overall, fail to demonstrate similar patterns in terms of detected species, frequencies of detection as well as bacterial load. As an example, some studies found no differences in the detection frequencies [52, 53] . Compared to teeth, implants are usually reported to have less bacterial species; periodontitis is also reported to be more diverse than peri-implantitis [54] .
Other studies did not find these differences [50, 55] . In any case, it seems that the presence of periodontal disease and implants increase the presence of periodontophatic bacteria in the peri-implant sulcus, which does not necessarily mean that these bacteria are involved in peri-implant disease [56] . Interestingly, Sato et al. found a higher number and detection rate of periodontopathic bacteria as the cumulative interceptive supportive therapy (CIST) level increased [57] . The next technique identified was checkerboard DNA-DNA. Eight studies have been published using this methodology (Table 3 ). Several differences have been found with this methodology. As expected, plaque and bleeding on probing scores have been significantly correlated with sulcular levels of bacteria [58] , although the total DNA count was not significantly different between implants with shallow and deep pockets [59] . However, other studies involving a greater number of patients also found total DNA count to be correlated to interproximal bleeding index (r = 0.409) and interproximal probing depth (r = 0.307) but no correlations were present with plaque index or radiographic bone level up to 22 years after implant placement [60] . When comparing healthy vs. diseased implant sites, only 37.5% of all species showed a higher prevalence, although only 10 species were explored [61] . In contrast, only 14 species out of the 79 studied (17.7%) were more prevalent in periimplantitis than in healthy sites in a study by Persson and Renvert [62] (page number not for citation purposes) Lower diversity with higher disease-associated species in healthy sites of smokers. Shifts from health to mucositis accompanied by loss of several health-associated species. Peri-implantitis did not differ from mucositis. In nonsmokers, the shift from health to mucositis increased diversity. Few differences were detected between periimplantitis and mucositis. Sixty percent of individuals share < 50% of all species between their periodontal and peri-implant biofilms; 85% of individuals share < 8%. Distinct bacterial lineages associated with health and disease in teeth and implants. The periodontal microbiome demonstrated significantly higher diversity than the implant. Staphylococcus and Treponema were significantly associated with diseased implants, but not teeth.
Zhang et al. [74] 2015 No statistically significant differences between the two implant designs or level of bone loss. Similar subgingival composition around implants and teeth. In terms of differences between teeth and implants, inconsistent results have been reported. Although Ebadian and co-workers [61] found no significant differences between healthy implants and teeth, other studies have identified some particular species, such as T. forsythia, P. gingivalis, P. intermedia, Parvimonas micra, and T. denticola, in higher concentration around implants [60] . In the presence of periodontal disease, differences between periodontitis and peri-implantitis sites, specifically in the concentrations of T. forsythia, P. intermedia and C. rectus, are clear [61] . The difference between periodontal gingivitis and peri-implant mucositis, however, was not significant in an experimentally induced gingivitis -mucositis study by Salvi and coworkers [63] . Finally, 14 studies have been identified that used the 16S rRNA gene sequencing technique (Table  4) . When comparing peri-implant healthy sites with diseased, 10-fold higher mean colony-forming units have been identified in peri-implantitis sites compared to healthy implant sites, with periodontopathic bacteria not being the only periodontal pathogens active in peri-implantitis [64] . In this sense, the microbiome of mucositis can be described as intermediate in nature between healthy and periimplantitis sites. In fact, the pathogens found in periimplantitis sites can already be seen at a moderate abundance in mucositis sites [65] [66] [67] . In this transition from health to mucositis, loss of several healthassociated species occurs, which interestingly in nonsmokers, is based on an increase in diversity [67] . The comparison between implants and teeth in several studies agrees that peri-implantitis sites present higher diversity than periodontitis sites [68] [69] [70] . In contrast, other studies have found significantly lower diversity of peri-implant biofilms than subgingival biofilms in both health and disease [71] [72] [73] [74] . In this sense, Dabdoub and co-workers [73] found that less 50% of all species were shared between periodontal and periimplant biofilms in the majority of the patients (60%). These numbers are more evident as less than 8% of species are found in both teeth and implants in more than 85% of patients [73] . This is, in the vast majority of patients, microbes at each site are different; therefore, the ecosystem can also be referred to be different.
Risk of bias within studies
As a summary of the risk of bias within studies, we must highlight the fact that most of the studies included were observational cross-sectional studies. Most of them made a sound selection of the comparison group (if present) and used valid and reliable measures. However, in most cases when a comparison group was present it was difficult to identify the method of balancing the groups by important potential confounding variables that in some cases were not even taken into account, including age, gender, presence of periodontal disease, concomitant intake of antibiotics or anti-inflammatory drugs, type of implant-abutment connection, or last periodontal therapy, among others. Because of this, it can be said that most of the studies in this topic contain a moderate risk of bias.
Risk of bias across studies
There were several limitations present in the current review. The main difficulty in the topic under study is the difference in the microbial detection technique. In addition, the latter consensus in disease classification, diagnosis and reporting is not always followed in the included studies, although they do report the conditions properly. Also, few studies analyse simultaneously the microbiome and the host, which indicate limited information on this important interactions. Thus, the lack of comparable studies in terms of design, patient selection, defect and systemic conditions and microbial analysis make it difficult to draw solid conclusions.
DISCUSSION
Most of the studies on microbiology around implants and teeth use paper points to collect the samples. A recent study concluded that paper points used for sampling can contain contaminating bacterial DNA [75] . Therefore, the use of paper points as sampling tool for microbial profiling should be substituted by other methods such as sterile curettes. Efforts are being made on generating a complete analysis of the human microbiome, the most important of them being the Human Microbiome Project (HMP). It should not be surprising that approximately 26% of all bacteria in the human body are located in the oral cavity [76] . It has been calculated that the microbiota on a human body outnumbers our somatic cells by 10-fold. Therefore, understanding the human microbiome, its distribution and evolution is key in the understanding of the human physiology, as have been highlighted in several reviews [77] . such as how stable and resilient is the microbiota over the course of a day within one individual, and during the course of his or her lifespan, how similar they are between members of a family, a human community, and between communities living in different environments, etc. [77] . These studies were proposed to use the deep analysis tools that were developed under the Human Genome Project: random shotgun sequencing procedures, targeted large-insert clone sequencing, and assessments of intra-and interindividual variation by using high-density microarrays [78] . Much of the current understanding of microbiomes comes from culture-based approaches. However, as much as 20% to 60% of the human-associated microbiome has been estimated to be uncultivable [76] . This obviously results in an underestimation of the diversity of the human microbiome. Therefore, new technologies were needed. Then, genomic analysis by checkerboard or PCR was introduced. PCR as the first technique of a group identified as "molecular techniques", was introduced in the 80s. It uses an enzymatic replication process of the DNA that will be later observed in a gel or quantified after a number of replication cycles [3] . These techniques overcame the limitations of culturing techniques and also allowed great time-saving. They also offer great sensitivity. Then, the DNA-DNA hybridization ('checkerboard') technique was applied in periodontal studies by Socransky et al. [79] . It allows the evaluation of large amounts of plaque samples for multitude of species on a single support membrane by hybridizing the DNA samples against whole genomic DNA probes, detecting up to 78 species at once [3] . The use of DNA-DNA hybridization highly improved the studies performed before using traditional culture techniques. The vast majority of the studies on peri-implantitis, obviously, focused on the species identified before on periodontitis sites, as a high similarity was suspected at the time. However, the main disadvantage of the PCR and DNA-DNA hybridization methods is the need to preselect probes for the bacteria to be investigated [3] . Therefore, there is a certain bias as the observer selects which and which not should be looked for and does not allow finding 'unexpected' microbiota. Thus, studies are really difficult to be compared. In addition, the quality of the results depends highly on the quality of the probe and the hybridization conditions. Consequently, although useful for exploratory studies, these techniques should be discarded in the future. New studies are sequencing genomic libraries made from DNA extracted directly from the sample without "looking for" a specific organism, a method called "metagenomics" [80] . The several limitations mentioned above for the previous techniques can be overcome by this new technology. It mainly refers to the gene sequencing of the 16S rRNA gene. This technique is able to identify universal and conserved targets with important and distinctive phylogenetic information in complex microbial communities. Within the specific field of Dentistry, the analysis of the 16S ribosomal gene sequence is probably the tool providing the more comprehensive examination of the taxonomically heterogeneous community associated with periodontal health and disease, as well as peri-implant diseases [69] . However, the technique presents limitations in identifying differences at the strain level, which may actually be the level that distinguishes between health and disease [3] . This can be overcome by shotgun sequencing of the whole genome. To date, no studies on peri-implant disease have been identified using this methodology.
Summary of evidence
It has been reported that the microbial profile in the peri-implant sulcus and adjacent periodontal pockets is specific for peri-implantitis and have high predictive value [53] . However, periodontal pathogens have been identified in healthy, peri-implant mucositis, and peri-implantitis sites. Thus, it could be argued that these microorganisms are not strictly associated with peri-implantitis [49, 81] and other species not analysed in some of those studies may be involved in the pathogenesis of peri-implant diseases [65] . Furthermore, in some cases, microorganisms not associated with periodontal disease have been a common finding at implants with peri-implantitis [62] . Therefore, conventional pathogens in periodontal disease may not be the only microorganisms active in peri-implantitis [64] . In any case, based on this review and according to others, the microbiota around implants is complex [4] . Nonetheless, in general, higher amounts of microorganisms have been found in sites diagnosed with peri-implantitis than in healthy sites. Despite the geographic proximity and some common microorganisms, the microbiota of periodontal tissues is different than the one found around implants [64, 68, 70, 73] . Also, as properly discussed by Charalampakis and Belibasakis [3] , with whom we agree, it may sound logical to think that if the microbiota at teeth and implants share a limited space they should be similar. However, the differences in topography and immunological characteristics of periodontal and peri-implant tissues must also drive to the logical conclusion that the biofilms associated with these surfaces have to be different.
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Limitations
Most of the studies published so far used techniques such as culture, PCR and checkerboard DNA-DNA hybridization that limit the possibility to detect species not considered in the analysis. Metagenomics techniques must be used in future studies and findings correlated with specific host characteristics (site, defect, region and systemic conditions and background). In most cases comparison groups were not balanced by important potential confounding variables, including age, gender, presence of periodontal disease, concomitant intake of antibiotics or anti-inflammatory drugs, type of implant-abutment connection, or last periodontal therapy, among others.
CONCLUSIONS
Microbial profile of peri-implant diseases usually includes classic periodontopathogens. However, correlation between studies is difficult, particularly because of the use of different detection methods.
New metagenomic techniques to avoid detection bias and careful balance and description of the included patients and implants should be promoted for future studies.
